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packtg,cs in p!acc on l])iliil~lclcr-~$’ii~’c  circuits  ancl at the smnc titl]c allow tbc i]l)])lcfl)cl]l:ltic)]]  of(iaAs dcviccs

an substratcx  (qwr[x, silicon, sapphire etc. ) with dielectric Jmjm[ics  Illore suitab]c  for slll>lllil  li]llctel-~~’:l~~c

operation.

MOS( high frequency  dicxics  usc a circul:u anode with aII air-bri{i~e  tyJ~c fiIIp,vI  tbal connects  the nnodc to the

ohmic cclntact.  As tbc antxlc diameter is KYIIICCY1 for bigllrr frcqu L’IIcy OI)CIXI io]] :11 Id tbc fiI-Ig,cr width bccomcs

Iarf,er tll:ln the anmic dialnctcr,  this structure incluccs  a s[long palasitic  capac.i{:i]]cc  bclwccII  tbc ijn[!cr lip and

tlw region sIIIIo\lIK!iII:, tlw IIllodc. ‘J’his palasitic.  capacitatlcc  is di Ilicull l{) tuIIc out and results ill dctcrioratillp,

tk circuit pcrl’ormancc  at high frequencies.

Ill this lctlcr,  WC rcpor( 011 tbc cicsign  illl(l pcrlonnnncc  of a ‘1’-gatc- I ikc struct Ill c i I I ulicb  (bC [II1O(]CS arc Sbapcd

like a “’1’” aId tllc  ~lIIgcI t~I air-bri(lg,c  bct~vccn Ibc allmlc aIId tbc ollnlic cI.JIlt:Ict  is m:idc in Ibc salllc slcp m tbe

allodcs. ‘1’his structure is readily  scolcd to frcqucllcics  above 1 ‘J’llz aINl :Ilso I L’suits ill lolwr  paI-:isitics th:m

convcnti~~nal  circular air-bridf,c type dio(ics, Al~til>:ir:illcl-j>:lil  ‘1’. aIIodc dc~’icus  ]~l~)I~olitllic:llly  intcg,raled OH

CIU:II’lZ  micro strip circuits using  the <)111!) pl ocess [5] have bccII fabricated nrtd tcstd in a l’()()lll-tclllJ>  cl’:ltlll’c

sllllllat[llollic:ll  ly-}llllll~~ccl  lnixcr opcratil~g  [It ‘200” (i] 17,. ‘1’hc lncasll ml IIjixcr Iloi sc’ t~’lnpcl atllrc allci  conversion

]oss are 600” K 1)S11 and 4.7 d]] rcspwtivcly, lvbicl~  is bclicvcd  10 IIC tbc bcsl lw[ Ihrmancc  ever obtaind  in this

conljp,ur[ition  fit this frcqucmcy.
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different (ioscs aIKl a trilcve] I’MMA coating to enable CHIC to scpmttcly  dcfi  IIc the hotprint  ad the side-bca;lis

of the ‘1’-anmk s{ructurc.  Mmmvcr,  the finger that bccomcs the air-bridg,c alk)I the surf:ice cl~antw]  etch is also

formed in the same s[cp. A layer of496  K molcmlar weight  1’MhfA,  with 49% solids  content, is spun on lIIC wafer

at 4000  I{])M. ‘1’hc resulting il]m is tlm~ cured at 170 dcp, rccs to form a 300” mII thick layer. A middle layer

(actually two layers of a copolymct of’l)MMA ad mclhacry]ic mid) is dcposilcd  ncxl ad cured. 1 %ch layer after

cure is about 400 nm. l:inally,  the top layer, 2300 K mo]ccular  weight l)h4 MA with 10/0 solids content, is spun

cm, resulting in a 100 nm thick layer aflcr cure. ‘1’hc c-beam exposure is performed with a .lI 101, .I13X 51)11

electron beam lithography syslcm in the high resolutiorl  mode.

After exposure (k chip is immersion dcvc]opccl  at NXJIII tcmpmture  usilig three different solutions. ‘1’IIc  top

layer is dcvclopcd  in chlorobcnxnc,  which aggressively dissolves the exposed I’M h4A but does not affect the

c.opolymm taycr. A OHC to OK mix[urr of isopropam]  and met]  IaIml opens tl)c copolymer layer. Since }]MMA

is insolub]c  in this solution, the copo] yI ncr CaII be OVCKICVCIO)  )cd cnoup,h IL) UIKICICU(  tlm l)h4h4A and provide

a god lifl-off profi]c. 11’inall  y, ‘J ‘lIC footlmint  is clcfIIIcd  by dcvclopinp,  the bot [on] layer in a one-lo-one mixture

of MIIIK aml isopropano]. ‘1’his solution provi(im enough co]ltrast  to (lcfiJw tc])th  micron  lines,

l:ig. 1 shows a close up of one of the ‘1’-. mmlcs. Oncc the suI face clmIIIIcl is ctchcd  to isolate the dcwiccs  the

process schematically dcpictcd  in lip,. ? (QIJI 1 ) process) is followd ill otdu  to obtain  structures that c:in easily

bc tcstcxi in a wavcp,uide block. 1:01200” Gl 17 opcrat  ion the lop epilaycv  is doprd ?.ox 1 () I cm I and is 1000” if

thick. ‘1’hc heavily doped  layer is :ibout 2.5 microns thick. Shrinkinp  the anocic area for usc at higjlcr

fr~xluc[lcics  involves 11(1 chanp,c to Ilw  fabrication prwxss. Also, sil Icc I lo oxide dchinp,  is involvccl,  ad the

atmdc foot print is dclimd  by the c-beam, andcs  made with [his  tcchniquc  arc cxtrcmcly uniform.  J f surface

passivation is dcsird,  a thin l;]ycr of oxide can bc dcpositd  :tllcr  Ilk’ ano(ics ha~rc bccm put dolvll.
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‘1’hc major aclvanlagcs  of tbc “J’-amdc  diode structure are rd~lced pamsitic  capacitance and resistance and

cxtrcmcly smalI rc:iliz,ablc  anode areas. l)oth of these charactclistics arc cIit ical for increasing the sensitivity

of millimeter and sLIbIl~illiIllctcr-\va\/c  mixers. 1)(; cl~ar:ictcristic.s  for the ‘1’-at~oclc QUII) Schottky  clioclc pair

(diode  A/diode 11) used in the mcasurcmcnts reported in this letter arc: idrality factor 1. 16/1 .20, reverse

saturation cm-rent 6.8x 10-1(’/1  .8x 10-]SA, series resistance 9.7/8.7 OIIms.  ‘1’bc pI occss has not been fully optimiml

yet and it is expected that diode performance and uniformity will impro~’c  i tl the future. ‘1’hc total device

capacitance, mcasurd before the chip was flipped up-siclc-dovw  I and withoai  the filter stmcturcs, is 9-1(1 fl;.

f ;acl]  amxlc  is calculated to have about 3 flI’ of capacitawx and t] IUS the parasi[ic capacitance of the didc pair

is c:ilculatcd to bc 3-4 fl; . ‘1’hc total capacitance of the structure aflcr QLI1 I ) pl occssing  and dicing  was measured

to bc 17 ft;. ‘1’hc extra capacitance is clue 10 tbc micmstrip filter shwctarc,

the higher dielectric constant of the bonc]ing  adhesive.

which contributes almut 3-4 ff~, anti

Ill. MIXICR  MICASIJRICMICNTS

‘J’he complcteci structure, consisting ofa pair ofantiparallc]  dimics,  two quartz,  microstrip  filters ad a wavcguidc

coupling probe was tested in a s~}l>l~:irll~ol~  ically-p~llllpccl  mixer block at 200 (i] 1/. A detailed description of the

~vavcguiclc  block and tbc mcasurcmcrlt  procedure has been ctescrib~’d in [41. 1 ‘i{~,. 3 shows the measured double

siclcband  noise tcmpcraturc  aad conversion  10ss optimized over a l)and ccntcrccl  at ?()() (i] Iz, optimized at cacb

l<l; frequency, with an ll; of 1.5 (il 17,. ‘Ihc  requited 10 po~vcr at ttl( optimum lmisc t~mpcratmc  was excessively

high, about 30 mW, due to a rcsonauce  in the filter dcsi~,a,  but cltops to 8 mW at 102.5 (i] 17 where tllc noise

temperature is about  15 0/0 worse, At 115 G] IY the required 1,() po\vcr is only 1,5 mW. ‘1 ‘IIC 11; output impcdancc

at the optimum noise temperature is about 200” ohms. It is notc~j orlhy to point out that lhcsc results arc 30°A

lower than tbc bcsl rcportd  ;~lliskcr-c{~lll:ict  diode mixers and son)cwhat IOJYCI’  tll:ln the best (iaAs discrete  chip
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type diode  mixers (measured with the same circuit under identical conditions) at this frequency [4],

‘1’he.se devices are easily scaled to ‘1’1 IY,

IV. CONC1.1IS1ON

Schottky  dimies  with ‘1’-anodcs have been fabricated and tcstcct.

frcqucncics and have lower parasitic t}]an comparable air-bridge type circu]ar-anoclc  planar %hottky  diodes.

A waveguide mixer incorporating the new ‘1’-anode diodes has yielded what is bclicvcd  to be the best

performance for a subharmonic mixer at 200 (;1 lY. Work has already bc.gun on a scaled dcvicc  for 640 G] IZ and

is plamccl  for ill~l>lelllclltatioll  at 2.5’13 lz.
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Figure  Captions

Fig. 1: A CIOSC up S1 lM of the ‘1’-anode  structure before the QLJII ) process. ‘1’IIc  anode area is nominally 0.25

microns by 4 microns.

Fig. 2: A cut-view schematic rcprcscntation  (not to scale) of the starting point and the end point of the QLJID

process, (a) ‘1’hc fttbricatcd chip is bondccl up-side-down on the quartz substrate with the help of a heat cured

adhesive. (b) After lapping, sclcctivc  wet chemical etching and removal 01’ the AIGaAs layer the chip is

patterned to remove all of the (iaAs except for enough material to cover the ohmic and Schottk  y contacts. ‘1’his

makes Sure that there is no cxccssivc GaAs in the WaVCgUidC Chal]llC].

Fig. 3: l)oub]c  sideband noise tcmpcraturc  and conversion loss oJ’ the tcstcxl s~lbharmonic  mixer as a function

of the signal frequency.
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